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TRANSISTOR DRIVE REGULATOR
ORIGIN OF THE INVENTION

The invention described herein was made in the per-
tormance of work under 2 NASA contract and is subject to the
provisions of Section 305 of the National Aeronautics and
Space Act of 1958, Public Law 85—568 (72 Stat. 433, 42
U.8.C.2457).

BACKGROUND OF THE INVENTION

This invention relates to electrical power circuits and is
directed more particularly to semiconductor switching circuits
as exemplified by DC to AC inverter circuits.

The major requirement for fulfill inverter circuit is that the
switching times of the power switching semiconductors coin-
cide as nearly as possible with the switching times of the driv-
ing voltage being supplied thereto. To fulfill this requirement
the power transistors in inverter circuits must be driven with a
high current base drive during turn-on, be strongly reverse
biased at turnoff, and be operated slightly below saturation to
minimize turnoff delay time. Furthermore, in order to main-
tair reasonable efficiency at low power output levels, it is
necessary for the power dissipation in the driver circuit to be
directly proportional to the output current of the inverter.

In some inverter circuits of the prior art, a resistance or
other voltage dropping clement was connected between the
base electrode of each power tramsistor and its associated
drive signal source. Such a circuit configuration fulfills sub-
stantially all the requirements for transistor inverter circuits
set forth above except that dissipation in the drive circuit is
not proportional to the power output current. In order to over-
come the lack of direct proportionality between the power
output current and the power dissipation of the drive circuit,
the prior art in some cases added a positive feedback winding
10 the drive transformer interposed between the driving
source and the power transistor. This scheme is not fully
satisfactory, however, because the voltage on the feedback
winding adds to the drive voltage. As a result of this additional
voltage, the drive transformer may saturate under high output
foad current cgrdttgom causing undesirable distortion of the
output wave form. This is particularly true where the drive
signal is a variable pulse width voltage.

OBJECTS OF THE INVENTION

Accorqmg y, it is an object of the invention to provide a
h g. efficiency semiconductor switching circuit having high
p Slfﬁah drive to a switching element which ad-
eously operates below saturation during its conducting
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It is another ob;@c& of the invention to provide a semicon-
ductor switching circuit in which the drive voltage applied to

]
(51 »

the drive transformer is determined solely by the drive signal
source.
Btill another object of the invention is to provide a circuit of

the above type in which the drive transformer may be of
imurs size and yet will not saturate under high output load
current conditions.

Tt is furtﬁ“mr of’\g@cz of the invention to provide a semicon-
ductor switching cireuit having a drive regulator circuit which
maintaing L,O‘Ivf:’:ﬁ” dissipation in the drive circuit at a magnitude
directly proportional to the output load current of the inverter

mif hout the need for a feedback winding on the drive trans-

r objects and advantages of the invention will become
from the following description and drawings in
ingle FIG. is a schematic dzagram of a switching
nsirucied in accordance with the invention.

DESCRIFTION OF A PREFERRED EMBODIMENT

Re f@mnc now to the schematic dwagram it will be seen that
a switching circuit embodying the invention may include in
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general a power switching circuit 10 and a drive cir m? i1
The power switching circuit 10 may include, by way of exam-
ple, 2 DC source 12, a load 13 to be energized, and an NFN
type transistor 14 having emitter, base, and collector gleg-
trodes 14a, 14b, and 14c, respectively. The DT source 12 and
the load 13 are serially connected between the collector elec-
trode 14c and the emitter electrode 14a of wransistor 14, as
shown. Each time that the transistor 14 conducts a
the full voltage of the DC source 12 is applied acros
13. Consequently, by operating the transistor {4 ina ﬁWzE{:hW@;
mode, voltage pulses of rectangular wave shape are applied to
the Joad 13.

In order to operate the transistor 14 in a switching mode,
drive signal such as a square wave or quasi wave voltage, is
supplied to the drive circuit 11 from a drive signal source 1§
via a drive transformer 16 having a primary wmaﬁmg 17 and a
secondary winding 18. The primary winding 17 is connected
to the drive signal source to receive a drive signal therefrom.
The lower end of the secondary winding 18 of the drive trang-
former 16, as viewed in the schematic, is connected to the
emitter electrode 14a of transistor 14 by means of a load 19
while the upper end is connected to a collec lectrode 20c
of an NPN type transistor 20. An emitter electrode 20¢ of the
transistor 20 is conmnected to the base electrode 14b of
transistor 14 through a voltage dropping means such as diode
21. The diode 21 drops some of the drive voltage applied to
the base electrode 144 of the transistor 14 and thereby deter-
mines the conduction of and the voltage drop across transistor
14 when it is turned on. It will be understood that additional
diodes may be connected in series with diode 21 if desired.

As indicated previously, for a switching circuit to operate
with high efficiency at low output load current magnitudes, it
is necessary that power dissipation in the driving circui In@
directly proportional tc the load current. Accord 1
conduction of transistor 20 must be varied to appropr aaacl{,
regulate the drive current. To this end, 2 voltage dropping
means such as resistor 22 is connected between the upper -
of the secondary winding 18 of the drive tran
ase electrode 205 of the transistor 20 to ¢
for that transistor. A diode 23 which may be ter
current diverting means is connected between
trode 205 of transistor 20 and the collec i

base current advantageously serves to pre vent "ne tre
14 from saturating so that it can be rapidly turned o

For the purpose of further decreasing tur
transistor 14 at the end of its conducting perio
connected between the base electrode 145 of the &
and the collector electrode 20¢ of tx‘aﬂsisisw 20 v
shown in the schematic, is electrically cow
end of the secondary winding 18 of the d
The diode 24 establishes 2 path whereby a :
is applied to the transistor 14 when the p
the secondary winding 18 is such as to ren
nonconducting.

Assuming now that the drive signal source h
polarity and that the upper end of the secondary wind
the drive transformer 16 is positive with
end, a positive potential will be applied to the ba
2056 of the transistor 20 th ough the resistor a2
biases the tramsistor 20 to such an extent ths
several times the magnitude of drive cur
the secondary winding 8. This high conduct
the transistor 20 causes rapid turn-on o
because all available drive current from
source is directed to the transistor 14. With
conducting, current flows from the upper end
ry winding 18 through the collector-e;
transistor 20, the dicde 21, the base-s
transistor 14 and then through the lead 19 ¢
the secondary winding 18 causing transistor
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When the transistor 14 switches from a nonconducting con-
dition to a conducting state as just described, the voltage
between the collector electrode 14c¢ and the emitter electrode
14a drops to a low level so that substantially all of the voltage
of the DC source 12 appears across the load 13. As the con-
duction of the transistor 14 increases and the voltage across it
decreases, some drive current is diverted away from the col-
lector-emitter path of the transistor 20 flowing from the col-
lector 28¢ through the base electrode 20b, and then through
the diode 23 which serves as a drive current diverting means.
From the diode the diverted current flows through the collec-
tor emitter path of the transistor 14. By this diversion of a por-
tion of the drive current away from the base electrode 14b of
the transistor 14, the transistor is prevented from saturating so
that i will turn off rapidly when the voltage on the secondary
winding 18 reverses.

When the voltage of the drive signal source reverses polarity
causing the upper end of the secondary winding 18 to become
more negative than the lower end, the transistor 20 ceases
conducting because of the negative bias applied to its base
electrode 200 through the resistor 22. This terminates the
drive current being supplied to the base electrode 14b of the
transistor 14 so that transistor 14 will begin to turnoff. The
tugnoff tme is advantageously shortened by the diode 24
which enables 2 strong reverse bias to be applied to the
transistor 14. When the drive signal source again switches, the
on-off conduction cycle of the transistor 14 will be repeated.

It will be understood that the foregoing circuitry may be
changed or modified without departing from the spirit and
scope of the invention as set forth in the claims appended
hereto. For example, PNP type transistors may be substituted
for the NPN types utilized in the circuitry of the invention.

We claimy:

1. In a drive circuit for regulating the drive current being
supplied from a drive signal source to a current switching
device having first and second power electrodes and a control
slecirode, a DC source and a load being serially connected
between said first and second electrodes, in combination:

variable conducting means connected between said drive

signal source and said control electrode of said switching
device 10 regulate said drive current;

bias means connected operatively to said variable conduct-

ing means and in signal receiving relationship to said
drive signal source to render said variable conducting
means conducting when said drive signal is of a first
polarity;

drive current diverting means connected between said vari-

able conducting means and said second power electrode
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of said switching device to direct a portion of said drive
current through said power electrodes of said switching
device whereby said switching device is prevented from
saturating;

a transformer having a primary winding connected to said
drive signal source and a secondary winding connected to
said drive circuit;

voitage dropping means connected between said variable
conducting means and said control electrode of said
switching element; and

a unidirectional current conducting device connecting
between said secondary winding of said transformer and
said control electrode of said switching device, said
unidirectional current conducting device being poled to
allow current flow in a direction away from said control
electrode of said switching means.

2. The drive circuit set forth in claim 1 wherein said variable
conducting means is a transistor having a collector electrode
connected to one end of said secondary winding of said trans-
former an emitter electrode connected to said control elec-
trode of said switching device and a base electrode connected
to said bias means, said bias means comprising a resistor con-
nected between said collector electrode and said base elec-
trode of said transistor, the other end of said secondary wind-
ing being connected to said first electrode of said current

switching device. . . o
3. The circuit of claim 2 wherein said drive current diverting

means comprises a unidirectional comnducting means con-
nected between said base electrode of said transitor and said
second power electrode of said switching device, said
unidirectional conducting means being poled to allow current
to flow away from said base electrode.-

4. The circuit set forth in claim 2 wherein said drive current
diverting means comprises a diode connected between said
base electrode of said transistor and said second power elec-
trode of said switching device, said diode being poled to pass
current from said base electrode to said second power elec-
trode of said switching device.

§. The circuit set forth in claim 4 and including at least a
second diode connected between said emitter electrode of
said transistor and said control electrode of said switching
device, said second diode being poled to pass current in a
direction toward said control electrode.

6. The circuit set forth in claim 5 and including a third diode
connected between said collector electrode of said transistor
and said control electrode of said switching device, said third
diode being poled to pass current in a direction away from said
control electrode.





